We developed reverse transcriptase (RT) PCR assays for the detection of mRNA from three spliced genes of human herpesvirus 6 (HHV-6), the immediate-early genes U16/U17 and U89/U90 and the late gene U60/U66. Sequence analysis determined the splicing sites of these genes. The new assays may be instrumental in investigating the association between HHV-6 and disease.
Human herpesvirus 6 (HHV-6) is the causative agent of exanthema subitum (10) . High HHV-6 viral loads have been demonstrated in the settings of allograft rejection, immunodeficiencies, malignancies, and multiple sclerosis, although an etiological correlation is still uncertain (1) . This is primarily due to the lack of sensitive diagnostic tools specific for active infection. PCR detection of viral DNA in plasma has been proposed as a marker of active infection, but its sensitivity is low (9) . The aim of the present work was to develop HHV-6 reverse transcriptase (RT)-PCR assays, since the expression of viral mRNA constitutes an unambiguous marker of active infection. To discriminate mRNA from genomic DNA, we focused on the detection of spliced gene expression; here we report on RT-PCR assays for the immediate-early genes U16/ U17 and U89/U90 and the late gene U60/U66, as well as on the splicing patterns of these genes for both HHV-6A and HHV-6B.
HHV-6A(GS) strain was propagated in the human T-cell line HSB-2; HHV-6B(PL1) strain was propagated in activated peripheral blood mononuclear cells (PBMC). mRNA was extracted using oligo(dT) 25 -coated magnetic beads (Dynabeads mRNA direct kit; Dynal, Oslo, Norway), and total RNA was extracted using the Qiagen RNeasy minikit (Qiagen, Hilden, Germany). Primers (Table 1) were designed based on the HHV-6(U1102) sequence (4) .
Poly(A) ϩ RNA was treated with the Access RT-PCR kit (Promega, Madison, Wis.). Except for primers C1bis and C2bis, initial denaturation (94°C for 2 min) was followed by 35 amplification cycles (94°C for 1 min, 50°C for 1 min, and 72°C for 2 min) and by final elongation (72°C for 10 min). For primers C1bis and C2bis, initial denaturation (95°C for 15 min) was followed by 40 amplification cycles (95°C for 20 s, 50°C for 45 s, and 72°C for 30 s) and by final elongation (72°C for 2 min).
Total RNA samples were treated (35°C for 15 min) with RNase-free DNase (Ambion, Austin, Tex.) and then subjected to reverse transcription (36°C for 90 min) using Moloney murine leukemia virus RT (Promega). One-tenth of the RT reaction mixture was added to 50 pmol of each primer, 100 M each deoxynucleoside triphosphate, 2.5 mM MgCl 2 , 1ϫ Perkin-Elmer buffer II, and 1.25 U of Taq polymerase (Applied Biosystems, Foster City, Calif). Initial denaturation (95°C for 15 min) was followed by 40 amplification cycles (95°C for 20 s, 60°C [50°C for primers C1bis and C2bis] for 45 s and 72°C for 30 s) and by final elongation (72°C for 2 min).
For sequencing, amplimers were purified using the Qiaquick spin extraction kit (Qiagen), amplified, and sequenced with the primers mentioned above (Table 1 ; Fig. 1 ). The nucleotide positions of the splice junction sites and the amplimer sizes (Table 1 ) differed in all cases from those predicted by Gompels at al. (4) .
Using primers HHV6C1 and HHV6C2 for gene U89/U90, a 120-bp cDNA fragment was amplified from HHV-6A(GS) but not from HHV-6B(PL1) or uninfected cell mRNA. The observed splicing site at nucleotides 135663 to 135771 of HHV-6A(U1102) differs by 1 nucleotide from that postulated by Megaw et al. (6) at nucleotides 135664 to 135772. Our results were strengthened by the finding of the consensus GT and AG nucleotides at the 5Ј and 3Ј boundary, respectively, of the spliced-out intronic sequence.
A second primer pair designed for U89/U90 RT-PCR, HHV6C1bis and HHV6C2bis, amplified both HHV-6A(GS) and HHV-6B(PL1) cDNA, with the same splicing pattern for both strains. In agreement with the postulated splicing pattern between exons 2 and 3 of U89/U90 (6) (exons 4 and 5 in reference 8), genomic DNA was 107 bp longer than cDNA. Mirandola et al. (7) and Flebbe-Rehwaldt et al. (3) also observed a 107-bp DNA-cDNA difference, but did not report cDNA sequence analysis.
Primer pair HHV6C5 and HHV6C6 and primer pair HHV6C3 and HHV6C4 amplified U16/U17 and U60/U66 cDNA, respectively, from both HHV-6A(GS) and HHV-6B(PL1) but not from uninfected cellular cDNA. The splicing patterns, similar for the two strains, corresponded to those proposed for U16/U17 and U60/U66 (6) and to that recently reported for HHV-6(GS) U16/U17 (3).
To evaluate sensitivity, RT-PCR was performed on total RNA extracted from serial dilutions of HHV-6(GS)-infected PBMC (8, 80, 800, 8,000, 80,000, or 800,000 cells) collected 8 days after infection (approximately 50% of cells expressed structural viral proteins) and mixed with 2 ϫ 10 6 uninfected SUP-T1 cells. With all primer pairs, except HHV6C1bis and HHV6C2bis, spliced viral cDNA was detected at all dilutions of infected cells. Using primers HHV6C1bis and HHV6C2bis, spliced viral cDNA was detectable with 8,000 infected PBMC.
To assess the potential clinical usefulness of the RT-PCR assays, experiments were performed on PBMC from two cynomolgous monkeys experimentally infected with HHV-6(GS). Using the HHV6C1bis and HHV6C2bis primer pair, PBMC, taken 1, 2, and 5 weeks after infection were shown to express U89/U90 spliced mRNA. In parallel, cell-free HHV-6 DNA was detected in plasma, confirming the occurrence of active infection (data not shown). However, no U16/U17 or U60/U66 spliced mRNA could be demonstrated in the samples examined. Potential reasons for the lack of detectable mRNA from these genes include the following: (i) U16/U17 mRNA is expressed less abundantly than U89/U90 (3, 8) and (ii) rather than PBMC, the main site(s) of viral replication may be lymphoid tissue or other organs that were not sampled in this preliminary study.
In summary, we have developed RT-PCR systems for HHV-6 gene expression, which allowed us to conclusively demonstrate active infection. Furthermore, similarities in genome sequence and splicing patterns were demonstrated for the GS and U1102 strains of HHV-6A and for the PL1, Z29, and HST strains of HHV-6B (2, 5) . These findings may be important in further investigations of the role of HHV-6 in the etiology and pathogenesis of human disease.
Nucleotide sequence accession numbers. The GenBank accession numbers for the HHV-6 cDNA sequences are as follows: HHV6A(GS) U60/U66, AF241838; HHV-6B(PL1) U60/U66, AF241837; HHV-6A(GS) U89/U90, AF241836; 1 . Position of the primers used for RT-PCR and of the splicing sites on the HHV-6 genome. The sequence of three different HHV-6 strains (U1102 [4] , HST [5] , and Z29 [2] ) are aligned. The intronic sequence is indicated by a dotted line; the RT-PCR product is indicated by the bold lines. SD, splice donor; SA, splice acceptor (the mRNA sequence runs in the direction from SD to SA). The nucleotide positions, indicated above the lines, are not drawn to scale.
